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ABSTRACT 
 
The South African MTR Fuel Manufacturing Facility was established in the 1970’s to supply 
SAFARI-1 with Fuel Elements and Control Rods. South African capability was developed in 
parallel with the uranium enrichment program to meet the needs of the Reactor. Further to 
the July 2005 decision by the South African Governmnent to convert both SAFARI-1 and the 
Fuel Plant to LEU, the SAFARI-1 phase has been successfully completed and Necsa has 
commenced with the conversion of the MTR Fuel Manufacturing Facility. In order to 
establish, validate and qualify the facility, Necsa has entered into a co-operation and 
technology transfer agreement with AREVA CERCA, the French manufacturer of Research 
Reactor fuel elements. 
 
Past experiences, conversion challenges and the status of the MTR Fuel Facility Project are 
discussed. On-going co-operation with AREVA CERCA to implement the local manufacture 
of LEU fuel is explained and elaborated on. 
 
 
1. Introduction 
 
SAFARI-1 (1st South African Fundamental Atomic Research Installation) a tank-in-pool type 
light water reactor based on the 30MW Oak Ridge Reactor design was constructed in the 
early 1960’s to meet the needs of resident research and development scientists and 
selective isotope production needs. The 6.67MW reactor went critical on 18 March 1965 and 
was subsequently modified to enable operation at 20MW. The reactor was initially fuelled 
with Highly Enriched Uranium (HEU) manufactured in the USA [1] [2]. 
 
SAFARI-1 was regularly operated at 20MW until 1977, at which stage international 
restrictions on the supply of fuel elements were enforced by political boycott actions. The 
reactor schedule was adjusted to an operational level of 5MW to support intermittent R&D 
programs. These developments accelerated the establishment of a Fuel Fabrication Facility 
for the local supply of Fuel and Control Rods.  
 
The chronological graph (Figure 1) depicts the utilisation of SAFARI-1 since 1965. The left-
hand Y-axis indicates the actual MWh operation and the right-hand Y-axis the cumulative 
MWh of operation since start-up.  



 
 

 
Fig 1: SAFARI -1 Power History 

 
The period from the mid 1990’s to date reflects the direct impact of the 99Mo production 
program on the utilisation of the reactor and the required fuel supply.  
 
 
2. Historical Development – South African Fuel Manufacture 
 
Figure 1 depicts how the political climate, the priority of the South African strategic programs 
and the impact of boycotts related to the supply of nuclear fuel to South Africa significantly 
affected SAFARI-1 utilisation for the period 1977 to 1993. 
 
During this period however (mid 1970’s) the decision was made to establish local MTR fuel 
manufacturing capabilities at Pelindaba (Necsa’s site which is ± 30 km from Pretoria’s city 
centre). A Fuel Element Production Facility (Elprod) was constructed and commissioned in 
order to manufacture UAlx HEU fuel elements and control rods. The technology was 
developed and established locally, based on ORR fuel design criteria using South African 
enriched material – initially 45% and later 90% 235U. The first assemblies (19 flat plates) had 
a loading of 200g 235U, which was subsequently increased to 300g 235U. The first local fuel 
(45%, 225g) was loaded into SAFARI-1 in 1980/1981 and the first local 90% (200g) HEU 
elements in 1994. 300g 235U elements were loaded for the first time in the first quarter of 
1999 and the reactor was operated from 1999 to mid 2009 with 300g 235U assemblies 
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Fig 2: SAFARI -1 FUEL ELEMENT (19 Fuel Plates) 
 
3. Conversion of SAFARI-1 to LEU 
 
In July 2005 the South African Department of Minerals and Energy  authorised SAFARI-1 to 
convert to LEU Fuel over a period of 3 to 4 years (i.e. a phased conversion of the core) 
followed by the conversion of the MTR Fuel Plant to produce fuel manufactured from LEU. 
 
The SAFARI-1 conversion was successfully completed without interruption of operations 
from September 2008 to June 2009 according to the schedule in Figure 3.    
 

                                 
 

Fig 3: Conversion Duration of SAFARI-1 
 

Conversion commenced with two full LTA’s supplied by AREVA CERCA. These were 
successfully irradiated from 2006 to 2008 followed by several other LEU assemblies at 
various times due to regulatory restrictions. Regulatory approval to convert the complete core 
was granted in 2008 and conversion was completed in June 2009. The fuel utilised during 
the full core conversion period was comprised of AREVA CERCA Fuel Plates, assembled 
into Fuel Elements and Control Rods at the Necsa Fuel Fabrication Facility. The conversion 
had no set-backs and the fuel performed as expected with no defects. This was determined 
through a water gap monitoring process which was performed on the LEU fuel elements with 
each stoppage of the reactor (roughly monthly). This fuel is now fully qualified by SAFARI-1 
and is manufactured on a routine basis.  
 
The Elprod Facility continues to manufacture all components, assemble LEU fuel and control 
rods and manufactures target plates required by SAFARI-1/NTP Radioisotopes (Pty) Ltd for 
the local and international supply of 99Mo.   
 
 
 



4. LEU Conversion Program 
 
Necsa  adopted a 3 phased approach to LEU conversion: 
 

1) Convert SAFARI-1 to LEU Fuel 
2) Convert from HEU to LEU targets for 99Mo production 
3) Convert the Fuel Plant to LEU Fuel and Target production 

 
A particular challenge for the fuel plant was the simultaneous manufacture of HEU and LEU 
Fuel for a 12 to 18 month period during the SAFARI-1 conversion process, which required 
careful alignment of SAFARI-1’s needs with the fuel fabrication operations. Safety aspects 
such as the management of identical fuel plates of two enrichment grades received particular 
attention. No disruption of the SAFARI-1 utilisation (more than 300 FPD’s pa) could be 
tolerated due to the 99Mo production commitments.   
 
The conversion of SAFARI-1 is complete, the conversion from HEU to LEU targets is in a 
development phase and the conversion of the Fuel Plant project formally commenced in 
January 2009. 
 
 
5. Fuel Plant Conversion Strategy 
 
The reliable supply of fuel and target plates at industrial scale levels forms a vital front–end 
activity in the 99Mo supply chain, and the conversion to a dispersion technology LEU facility 
must be undertaken as a well defined, planned and managed project. Issues that need 
considerable attention include a clearly defined user requirement specification, careful 
consideration of project aspects to ensure compliance with regulatory requirements, 
international guidelines, safety, engineering, quality, licensing, security and a host of other 
aspects. Attention to safety and quality related aspects and acceptable hazard management 
philosophies remains paramount. The outcome of this process must result in a plant design 
that is safe, licensable with the ability to operate at the desired industrial throughput.     
 
Experimental U3Si2 (4.8g/cc) work has been underway at Necsa since 2002 albeit on a 
development scale with DU and with assistance from Argonne National Laboratory and 
AREVA CERCA. This experimental phase provided Necsa with valuable results leading to 
the realisation that although the silicide technology was well documented and developed, the 
industrial scale production provided certain challenges which require specific technology 
know-how, experience and expertise to address.    
 
During 2007 the decision was made to establish the Necsa LEU fuel plant in conjunction with 
a technology partner in order to ensure a state-of-the-art facility in order to minimise risks, 
reduce project time and ensure an industrial scale fuel and target plate production process 
which would meet internationally accepted best practice. A high probability of qualifying the 
process and products at the required throughput was a prerequisite.    
 
The possibility of establishing a second isotope production reactor at Necsa within 8-9 years 
was considered during 2009. It is now a requirement of the new fuel plant to provide fuel and 
targets for this planned reactor in addition to SAFARI-1.  
 
 
A technology partner was identified and a Technology License Agreement for the provision of 
technology, know-how and supply of specialised quality control equipment has been 
negotiated with AREVA CERCA and is in the final stages of the approval process. 
 



The Technology License Agreement makes provision for the establishment of a fuel plant at 
Necsa over a five year period which commenced in 2009. A 5 stage process has been 
defined i.e.:   
 
Stage 1: Assessment of existing facilities and equipment, Basic Design  
Stage 2: Detail Design, engineering support 
Stage 3: Procurement and Construction (specialised equipment), training 
Stage 4: Cold Commissioning assistance 
Stage 5: Hot Commissioning assistance, product validation 
     
 
AREVA CERCA  are primarily responsible for the supply of know-how and technology, inputs 
to design, supply of specialised QC equipment, training and  assistance with cold and hot 
commissioning including validation of product quality. 
 
Necsa is responsible for licensing, design, procurement of equipment, establishment of the 
infrastructure and utilities, installation of equipment, functional testing, commissioning and 
manufacturing qualification of the product.   
 
6. AREVA CERCA, a competent and reliable partner for Technology Transfer 
 
AREVA CERCA has been successfully manufacturing and supplying research and material 
test reactor fuel assemblies for nearly fifty years and can be considered as the reference in 
its field. Thanks to its large supply of fuel elements and fuel targets, its experience in reactor 
conversion and its continuous effort in research and development programs, AREVA CERCA 
is a competent and reliable partner with regards to the technology transfer requested by 
NECSA.  
 

• Large supply of dispersed LEU fuel elements and targets 
 
AREVA CERCA supply covers a wide  range of products, in terms of geometries (flat or 
rolled plates, tubular or ring-shaped elements) as well as enrichments (HEU, MEU, LEU), 
and fully satisfies the technical and scientific needs of customers demanding quality and 
safety.  
 
Since 1960, AREVA CERCA has manufactured over 330 000 fuel plates, about 22 000 fuel 
elements of 70 designs, delivered to 40 research reactors in 20 countries. Among this 
production, 3 500 are U3Si2 fuel assemblies, distributed to worldwide customers. 

 
Thanks to this broad supply, AREVA CERCA has gained a high quality experience feedback 
and has fully mastered the manufacturing process as well as the specialized inspection steps 
such as Ultrasonic Testing and homogeneity scanning.. This is employed to the benefit of 
reactor operators by providing them with high performance fuels.  
 
In addition to the fuel manufacture, AREVA CERCA has been working for 3 years on the 
development of UAl2 fuel targets. The first industrial batches were  produced and delivered in 
2009. 

• AREVA CERCA experience in Research Reactor Conversion 
 
AREVA CERCA has been involved for more than fifteen years in international cooperation for 
U3Si2 fuel assembly supply and reactor conversion. It has collaborated several times for 
reactor conversion process, for MTR and TRIGA reactors in countries such as Japan, 
Germany, the Netherlands, Poland, Portugal, Turkey, the USA and France. 
 
For each conversion, supply of fuel elements has been successfully achieved, while meeting 
technical specifications, QA requirements and challenging schedules.  



 
• R&D programs 

 
Besides the routine industrial production of fuel elements and targets, AREVA-CERCA is 
involved in several R&D programs, such as monolithic LEU targets and dispersive or 
monolithic UMo fuel development [3]. These programs are run in collaboration with 
international partners and enable AREVA CERCA to increase its competences and 
knowledge of manufacturing processes. 
 
Based on this overall experience, AREVA CERCA has the ability to carry out all the steps of 
the technology transfer, ability which can be extended to AREVA engineering if necessary. 
 
7. Conclusion 
 
South Africa has committed itself to the conversion of the SAFARI-1 research reactor and the 
associated fuel and control rod manufacturing from HEU to LEU. SAFARI-1 conversion is 
complete and the conversion of the fuel plant project about 10% complete. The projected 
completion date for the fuel plant is 2014/15. 
 
The technology and know-how cooperation is strengthening the long-lasting relationship 
between Necsa and AREVA CERCA to the mutual benefit of both companies and is a 
recognized tangible contribution by Necsa, AREVA CERCA and South Africa to the Global 
Threat Reduction Initiative. This project is also part of a wider collaboration related to nuclear 
renaissance and jointly supported by South-Africa and France.  
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